Abstract The emergence ages of third molars in a modern Japanese population were examined, and the results were compared with those for other ethnic groups. The subjects of the study consisted of 983 individuals (539 males and 444 females) aged 18 to 40 years. The family backgrounds of all of the individuals studied were presumed to be of the middle-class socioeconomic group. In each case, a third molar was judged to have erupted if any part of the tooth crown had pierced the gingiva. The median emergence age was estimated by probit analysis of the incidence of eruption, measured as the number of persons at each age level with one or more third molars erupted.
Introduction
Compared with other permanent teeth, the third molar displays considerable variability in tooth formation. Cusp calcification of this tooth commences at around the eighth year, and apical closure is not complete until the twentieth year of life. More than twelve years are required to complete its formation (GARN et al., 1962; GRAVELY, 1965) . As a result of evidence showing a great deal of variability in tooth size and morphology, this molar is considered to be highly sensitive to environmental influences. It has also been suggested in response to clinical data that delayed emergence of the third molar has undesirable effects on convalescence from orthodontic treatment (SEINO et al., 1990) .
A number of studies of the emergence of permanent teeth have been undertaken over the years, providing researchers with valuable information (OKAMOTO, 1934; CLEMENTS et al., 1953; DAHLBERG et a1.,1958; EVELETH, 1966) . However, the eruption of the third molar is relatively rare before the age of 18 years, and even after this age the number of third molars which pierce the gingiva tends to be low due to congenital absence or impaction. For these reasons, perhaps, few calculations of the median emergence age of this tooth in specific ethnic populations have been performed (MALCOLM and BUE, 1970; HASSANALI, 1985) .
The present study aims to determine the ages of emergence of the third molar in a modern Japanese population, and to compare the results obtained with those of other ethnic groups.
Subjects and Methods
The subjects of this study consisted of 983 individuals (539 males and 444 females) aged 18 to 40 years, the majority of whom were students at the School of Dentistry and the School for Oral Hygienists and Dental Technicians at Aichi Gakuin University in Nagoya, Japan. All of the subjects were regarded as belonging to the middle-class socioeconomic group, based on their family backgrounds. The examination of the subjects was carried out between the months of June and September, 1991.
The emergence of third molars on both sides of the oral cavity was studied by oral inspection using a dental mirror under sufficient light. A third molar was judged to have erupted if any part of the tooth crown had pierced the gingiva. None of the subjects examined had ever had a first or second molar extracted, nor had any subject experienced extraction of a fully impacted third molar. No X-ray examinations were carried out; hence, congenitally missing or fully impacted teeth were regarded to be unerupted in the present study.
The median emergence time was estimated by probit analysis using the method described by GOLDSTEIN (1964) . This analysis method is considered to be an efficient method of estimating the median emergence age of permanent teeth (DAHLBERG and MENEGAZ-BOOK, 1958; CLEMENTS et al., 1958; GATES, 1964) . In this study, the percentage of persons with one or more third molars erupted at each age level was converted to a probit value, and the resulting linear distribution was subjected to regression analysis to find the median age of emergence.
Results
The percentage distributions of persons with one or more third molars erupted at each age level are listed in Tables  1 and 2 , and plotted as a histogram in Fig. l tendency to a definite eruption order was evident among the male subjects. The percentage of persons with all four third molars erupted ranged from 21% to 35% for males, and from 22%to 36% for females, during the ages of 20 to 24
years. The percentages of emerged third molars are listed in Table 3 . The figures showing potential eruptions in this table are calculated at the maximum of two per dental arch. No distinction is made between right-and left-side molars in this table, since no statistically significant difference is expected between the emergence of the right and left third molars (FANNING, 1962) . The incidence of third molar eruption expressed as the percentage of teeth erupted was somewhat lower (approximately 10% lower during the ages of 20 to 24 years for both the maxilla and the mandible), but similar in pattern to that found when expressed as the number of persons with erupted teeth. Table 4 shows the average number of erupted Table 5 shows the median age of subjects with one or more erupted third molars. The median ages were 19.6 years for males and 20.7 years for 
Discussion
The median emergence age of permanent teeth has, in general, been estimated by probit analysis, or by KARBER's method, on the basis of the incidence of tooth emergence at specific ages (CLEMENTS et al.,1953; GARN et al.,1962; LEE and CHANG,1965; MALCOLM and BUE, 1970) . This approach, which I will for convenience term the "total emergence" approach, is used in the study of third molar emergence by researchers such as HASSANALI (1985) . Others, such as FANNING (1962), base their estimates on the percentage of subjects with one or more erupted third molars at each age group, a method which may by contrast be called a "minimum emergence" approach.
In some cases, there may be good reason for adopting this latter approach, as not all third molars necessarily erupt, due to congenital absence and impaction, in certain ethnic groups. In the present study, for example, the incidence of eruption of third molars was found to be only around 60% in the maxilla and mandible for both sexes, even in subjects aged 25 to 40 years (Table  2) . Further, the percentage of third molars erupted at each age level between 20 to 24 years was approximately 10% lower for each jaw than that of persons who had one or more third molars. For the purpose of this study, therefore, I have adopted the minimum emergence approach, as it is expected to yield somewhat higher reliability.
Variation among ethnic groups
The median age of emergence for Japanese male subjects was 20.4 years for maxillary, and 20.1 years for mandibular third molars. Similar emergence ages have been reported for American males living in Boston, where the median ages, found using the minimum emergence approach, were 20.5 years for the maxilla and 19.8 years for the mandible (FANNING, 1962) .
Median ages of emergence have been calculated for other ethnic populations, using the total emergence approach. This approach is appropriate to populations showing the characteristics of earlier eruption times and higher eruption frequency for the third molars. It is important to bear in mind when comparing the results of these studies, however, that the median emergence ages estimated using this approach will tend to be somewhat later than those calculated using the minimum emergence approach.
A comparative study of the median third molar emergence age of males born in Kenya has revealed that the age is 18.8 to 18.9 years for the maxilla, and 18.0 to 18.2 years for the mandible, in native Kenyans. The median ages for Asians born in Kenya, by comparison, were 20.7 years for the maxilla and 19.9 to 20.0 years for the mandible (HASSANALI, 1985) . Much earlier third molar eruption ages have been reported in Oceania. Median ages of 18.4 years for the maxilla and 17.0 years for the mandible have been found for the Cook Islanders in Polynesia (YAMADA et al., 1992) . In Australian Aboriginals, the average ages of emergence were found to be 16.8 years for the maxilla and 16.5 years for the mandible (BROWN, 1978) . Moreover, children in the town of Lae, located in the lowlands of New Guinea, show average emergence ages of 16.4 years for the maxilla and 14.8 years for the mandible (MALCOLM and BUE, 1970) .
On the other hand, the percentage of persons with all four third molars erupted was 27.4% for males at the age of 21 years in the present study. Similar distributions have been described for the Japanese male populations reported on previously, the range being from 25% to 38% for the same age groups (OHGOSHI and KUROSAWA, 1958; KIKUCHI, 1970; MARUYAMA, 1983) . Asians born in Kenya showed a considerably high tendency to get all of their third molars, the rate being about 60% at 22 years of age (HASSANALI, 1985) , whereas Bostonian boys older than 20 years of age show a low rate of only 24% (FANNING, 1962) .
In Africa, however, 75% of East Africans and approximately 70% of Kenyans have all their third molars at the age of 21 years (CHAGULA, 1960; HASSANALI, 1985) . In a small sample of Nigerians, all third molars had already erupted by the age of 19 years (ODUSANYA and ABAYOMI, 1991) . FANNING (1962) , comparing the third molar emergence of East Africans with his findings for Bostonians, states that such marked differences may be partly explained by a lower rate of agenesis and by less impaction of third molars in the African subjects. YAMADA et al. (1992) , in examining the literature describing the mean or median ages of emergence of the other permanent teeth in populations around the globe, have found that there are two distinct population types. Africans, Polynesians, and the people of New Guinea belong to one type characterized by early eruption of permanent teeth, whereas
Asians and Europeans belong to another type with later eruption ages. The authors of this report emphasized that the tropical climate is likely to be associated with early dental maturation.
Judging from the eruption times cited above, it appears that the Japanese population is characterized as a group which experiences eruption of the third molar at a relatively late age among various populations world wide.
Sex differences
Generally speaking, all permanent teeth other than the third molars characteristically tend toward earlier formation and eruption in females (CLEMENTS et a1.,1953; GARN et a1.,1962; LEE and CHANG, 1965; MALCOLM and BUE,1970) . The third molars, however, were found to emerge earlier in males than in females in the present study, and the same tendency holds true for other Japanese populations (OHGOSHI and KUROSAWA, 1958; MARUYAMA, 1983) .
Among Asians born in Kenya, the median eruption age of the third molars was found to be earlier for males than for females by approximately 0.3 years. The eruption ages of the maxillary third molar were found to be similar for Bostonian males and females; however, the mandibular third molars erupt 0.6 years earlier for males than for females. According to GARN et al. (1962) , who examined the formation and development of the mandibular third molar in Ohio children, there was no significant sex difference throughout the developmental course of the teeth.
In the Kenyan population studied by HASSANALI (1985) , females exceeded males in the incidence of third molar eruption at each age from 13 to 17 years, whereas after 18 years of age, males were ahead of females in incidence. The median eruption ages were found to be lower for females by 0.3-0.4 years. Similar tendencies have been found in the eruption ages of third molars in Nigerians and Australian Aboriginals (ODUSANYA and ABAYOMI, 1991; BROWN, 1978) . LEVESQUE et al. (1981) , who studied the development of the mandibular third molar in Canadians of French descent, described that the formation of the tooth crown and root was earlier in females in all the permanent teeth but the third molar, for which the root forms earlier in males, and also that the median emergence age of this tooth was 0.5 years earlier for males.
Viewed from the ethnic perspective, populations predisposed to early emergence of other permanent teeth also are predisposed to early emergence of the third molars. Females outstrip males in third molar emergence in such populations. In populations with later eruption ages, on the other hand, females seem to tend to retarded third molar eruption. The reason for this is unknown at present.
Conclusions
This study's observations on third molar emergence time in a modern Japanese population can be summarized as follows: 50% of all persons in the population have one or more third molars erupted at the ages of 19.59 years for males and 20.67 years for females. The third molar erupts earlier in males than in females at any given age 
